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© invention conceme un proceae et un disposfflf de reali- 
sation rf una piece creuse de forme quelconque par enrotrfe- 
ment d*un produit composite a base da fibres continues Snpre- 
gnees <fune resine. Cat enroulement est reafise au contact 
c'est-a-dire quo fon apporte le produit sans tension entre una 
gerteratrice d'un organe sppBcateur 5 et una surface portee 
par una piece 1 en rotation relative, que Ton maintient [edit 
organe sppficateur dans una orientation telle qua la force 
d'appBcatfcn de ca dernier sur la surface suscfite soft constanv 
ment sens&fement normale a ladhe surface au point de 
contact et que ladito generatnce soft settlement perpendicu- 
lalre a la tengente a la trajsctoire du produit Enfin on stabilise 
te produit einsf depose sur la surface ou sur la couche 
presents, au voismage immeata dodrt point de contact 
Application a la construction de pieces ere uses en materiau 
composite at notamment en materiau tHamentaira. 
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La prdsente invention concerne tin proceed 
et un dispositif pour rdaliser one piece creuse de forme 
quelconque par enroulement d'un prodoit composite a base de 
fibres (verre, carbone, kevlar etc..) continues impre- 
5 gnees d'une resine. 

Actuellement la technique de 1 'enroulement 
filementaire consiste a faire decrire a une tete de distri- 
bution des fibres, qui se prdsentent sous forme d'un ruban 
pouvant atteindre environ deux dixiemes de millimetre 
10 d'epaisseur et avoir une largeur pouvant aller Jus. 
qu'a 20 millimetres environ, une trajectoire pro- 
grammee.eloignee d'un mandrin de maniere que les fibres 
aoient posdes sous tension a 1'endroit voulu sur le mandrin. 
Le ruban est alors entrap sous 1'action simultande de la 
tete de distribution et du mandrin qui provoque le ddvide- 
-ent de la fibre depuis des bobines de stocksge. L'effort 
de tension est cree par le freinage des bobines et le frotte- 
ment des fibres sur les divers elements mecaniques qui la 
supportent et qui la guident. 

20 

, f Une telle technique possede une limite dens 

le fait que la fibre dtant oos.e.e.tendue.,..une partie concove 
• satude sur le mandrin ne peut pas etre couverte. Une autre - 
consdquence de cette pose sous tension reside dans le fait 
que les trajectoires de pose des fibres ne peuvent etre 
que geoddsiques ou prochesde celles-ci. 

Meme dans le cas de formes de rdvolution 
relativement simple, ne presentant que tJes variations de diame- 
tres, cette technique d'enroulement comporte des inconvd- 
nients notamment si les fibres sent impregndes de rdsine 
thermoplastique rigide ou en poudre. En effet pour les 
appliquer il convien, oe les souder en continu et d'appli- 
quer une pression ,.e contact. Or l a pression de contact 
etant uniquemenl r„„c tl on de la tension de la fibre 11 est 

■» de rayon de coiirborn. 
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tnfin dans cette technique connue le, " 

5 wt -"~" <••—-"- 

« m -H« La pr * sente indention a pour objet de 

I" 1 r ! o et P " " de la realieation de pieces 

creuses de fora.ee complexes, soit par po8e de fibres su " . 
10 « e de manarin coBport<|nt forBes 

soxt Par peso de fibres a I'lnterieur d'un aeille eomportan 

: v ;;:;: r rieu r —s - Elle p — e 

1 avantage de pouvoir utiliser toutes sortes de fibres con- 
nue pr6 r6aine 8flupie ou rigide 

iLosl "° l9mSe8 '"J-*"*- 9^d,si Q uea 

imposees par la technique anterieure. 

, hi „ A CCt Cffet A ' Mention a pour preaier 

objet un pr0 cdd< de realisation d'une pi* ce creuse I t 
que conque par enroulcnent d'un produit coposite a base 
20 de fibres continues i^^ d'une rdsine, selon lequel 
on depose au o,oins une couche dudit produit composite se 
Prdsentant sous la fonoe d'un ruban, aur una 
surface portee par une piece de for«e, au -oven d'un organe 

ZL T ica " on - •»"•« «' «^-~* 

sensiblement normale a ladite «itrF a ~ A , 
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face ou la couche precedente, au voisinage imraediat dudit 
point de contact. La force duplication de l'organe appli- 
cateur sur ladite surface sera d'intensite' sensiblement constante. 

Un second objet de 1* invention reside 

5 dans on dispositif pour nettre en oeuvre le precede susdit 
dans lequel l'organe applicateur est constitoe par une 
portion de cylindre dispose trensversalenient a l'extremite 
d'une tete longitudinale reliee a un mecanisme. de support 
orientable pour placer ladite tefce le long de la normale 

10 & la surface au point de contact et orienter l'axe de la- 
dite portion de cylindre perpendiculairement a la tangente 
a la trajectoire du ruban au point de contact ; le mecenisrae 
susdit est commande par un dispositif programme de determina- 
tion des composantes de ladite normale et de la ladite tan- 

15 gente dans un repere ou eystfeme de reference lit a l'axe 
susdit de rotation relative, pour cheque point de ladite 
surface de coordonnees exprimees et connues dans ledit 
repere de reference. 

Avantageusement la tite longitudinale 
20 d' application est attelee de maniere demontable audit meca- 
nisme de support.' 

: Cette t6te d'application cdmporte un 
premier element d'attelage au mecanisme de support susdit 
et un second element porteur dudit organe applicateur est 
-25- monte-6 coulissement par rapport air-premier element h 
l'encontre d'une force tendant a lea eloigner l'un de 
l'autre. 

De maniere avantageuse ledit second 
element comporte un moyen de stabilisation du ruban. 

30 0ans le c « oea resines thermoplestiques 

ou thermodurcieaables ce moyen de stabilisation est constitue 
par un dispositif d'apport d'energie « soit une source de gaz 
chaud ou de rayonnements lnfrarouge ou micro-onde situee a 
proximite du cylindre applicateur, soit par une piece de 

35 contact elle-meme chauff^e. 

Dans un cas particulier pour des resines 
thermoplestiques l'orgene applicateur et le moyen 
de etebilisation susdits sont constitues per une 
electrode ultrasonique presentent une generatrice en 
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regard de ladite surface et sur laquelle passe ledit ruban 

table de , >*> aUleUr8 ^ 0dCani8B,e de s»PP°rt orien- 

table de la tete susdite est constitue par un bras articule 
dont une extreme parte ladite tete au moyen d'un orgene 
Pour son entralnement autour de son axe longitudinal, 1'autre 
extr oi ta etant attelee a un chariot susceptible d^re an - 
-i d un movement dans deux directions orthogonalee dont 1'une 
est parallele a 1'axe rixe de rotation relative de la piece 
de forme par rapport a l'organe epplicateur. 

° an8 une "afiante de realiaation, le bras 
articule susdit comporte au moins deux troncons articulee 
entre eux autour d'un axe orthogonal a 1'axe longitudinal 
de rotation de ladite tete et un dispositif de reglage de la 
position angulaire desdits trongons autour de cet axe. 

0ans une autre variante le bras articule 
susdit eat attele audit chariot par !• intermediate d'un 
levier dont une extremite est articulee au chariot autour 
d un axe parallele a 1'axe susdit de rotation relative, son 
autre extremite etant articulee audit braa autour d'un axe 
parallele au precedent, tandie que sort prevus des dispoeitifs 
de reglage de la position angulaire du levier par rapport 
au chariot autour du premier axe susdit et du levier par rap- 
port au bras autour du second axe susdit. 

25 „„ k hi " 8Cr8 8 * antaaeux de l»i*o«-un "agasin 

25 de bobines d, fibres attelees a lament de bras articule 
situe le plus proche de la tete duplication. 

Enfin les organs d' entralnement du chariot, 
oe reg ag« oe i • orientetion de la tete par rapport au bras, 
de reglage deo orientations des divers trongons de bras 
entre eux et relativement au chariot autour dea axes susdits, 
sent constitutor des moteurs commandes par le dispositif 
programme susdit . »pos»cir 

L'invention sera mieux comprise au cours de 
la descr ption donnee ci-apres a titre d'exemple purement 
» .ndicaUf et non limltatif qui pcrmettra d'en degager les 
awantages et les caracteristiques secondaires. 
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1J sera fait reference aux dessins annexes 

dans lesquels : 

- la figure 1 est, une vue gSnerale d'une 
machine pour mettre en oeuvre le procSdS selon 1* invention 

5 sur un mandrin ; 

• la figure 2 illustre par un schema la mise 
en oeuvre du procgdi§ selon 1' invention dans un rooule ; 

- la figure 3 est un schema en coupe de la 
tete d'application selon l'invention ; - 

10 - la figure 4 est le schema d'un detail de 

la tete d 1 application selon la figure 3 ; 

- la figure 5 est un schema d'une variante 
de realisation de la tete d ' application ; 

* la figure 6 est un schema d'une autre va- 
15 riante de realisation de ladite tete ; 

- la. figure 7 illustre le me'canisme de sup^ 
port orientable de la tete duplication ; 

- la figure 8 est une vue d'une variante 
simplified du mlcanisme de support de la tete d 1 application. 

20 On expliquera le procSdS de 1' invention en 

regard des figures 1 et 2. Sur la figure 1 on a represent** 
en 1 une piece de forme du type mandrin dont la surface ext£- 
rieure est de forme complexe parceque presentant notamraent 
des parties concaves la et en diabolo lb. Ce maadxin. es t 

25 monte* a rotation sur un bSti 2 autour d'un axe 3, l'entraine- 
ment en rotation Stent assure* par un moteur A* 

Un organe applicateur 5 situ£ a i'extremite 
d'un mecanisme de support 6, decrits plus en detail en regard 
des figures suivantes, peut itre anime par rapport a la sur* 

30 face du mandrin 1 d'un mouvement de translation parallele a 
I'axe } 9 le long de glissiere? 7portees par le bfiti 2* Un ruban 
de fibres continues est forme a partir d'un magasin de bobines 
8 ports par le mScanisme 6, et est. conduit jusqu'a l'or- 
gane applicateur 5 au moyen duquel il est depose sur la surface 

55 exterieure du mandrin, 1 'organe 5 Stant constamment maintenu 
au contact de cette surface et decrivant celle-ci le long 
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d'une trajcctoire. definie par la combinaison des mouvements 
de rotation du mandrin autour de l'axe 3 et de translation 
do mecanisme 6 le long des glissieres 7. 

L'organe applicateur 5 est de forme generale- 
ment cylindrique de maniere a presenter one gdndretrice de 
contact sur la surface du nandrin 1. Le procede selon 1» in- 
vention consists, d'une part a apporter sans tension le ruban 
de produit a enrouler entre ladite generatrice et la surface 
du mandrln 1 et,d'autre part a naintenir une force d'eppli- 
cation du produit sur la surface du nandrin dans une direc- 
tion constamment sensiblement normals a la surface au point da 
contact. Ce procede consists egalement a maintenir la genera- 
trice de contact susdite constamment sensiblement perpendicu- 
laire a la tangente a la trajectoire du produit dans la zone 
15 du point de contact. Le procede de 1' invention comporte enfin 
une phase de stabilisation du produit deposd qui consists t 
pour les rdsinss thermodurcissables a utiliser soit leur 
"collant" naturel ou provoqud par une prdgelificstion, soit 
a creer au moins un debut de polymerisation sous l'effet d'un 
rayonnement ou d'un apport de chaleur, soit encore una combi- 
naison des deux possibility et pour les resinea thsrmoplae- 
tiques, qui peuvent ss presenter sous forme rigide ou de 
poudre a les faire fondre par un dispositif d' apport d'dnergie, 
ddjb citd,. et ft. les „rftfjroidic pour les souder au ruban adja- . 
cent et a la sous-couche. Ce trsitement de stabilisation est 
realise au voisinage immediat du point d • application de maniere 
que le ruban ddpoad conserve le forme de la surface qu'il epousc 
La mise en oeuvre du procedd de 1' invention 
implique la connaisssnce constante de la position du point 
30 de contact de l'organe applicateur sur la surface, la connais- 
sance de la normole a cette surface a chacun de ses points 
de contact, et la connalssance de la trajectoire du produit 
sur la surface. Ces divers fscteurs peuvent §tre traduits 
numeriquement afin d'etre exploitds par un moyen de commando 
35 nuradrique 9 du mecanisme 6 de support de l'organe applica- 
teur 5, soit par le calcul,. soit par une mdthode de copiege 
et d'enregistremont d'une .operation modele. Le calcul s'appli- 
que notamment lorsque la forme exterieure du mandrln est issue 
d'une conception asnistee pnr ordinal rur . 
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La figure 2 illustre par un schema le fait 
que le precede de l'invention peut s'appliquer par realisa- 
tion d'un enroulement filamentaire au contact sur une surface 
interieure d'un moule creux. Le rooule 10 peut §tre fixe et 
l'organe applicateur symbolise par le galet 11 attele a une 
machine tournante autour de l'axe 12. Le moule peut eg'alement 
§tre tournant autour de l'axe 12 auquel cas le mecanlsme de 
support au galet 11 est rixe.Oe meme que dans le cas prece- 
dent ce mecanlsme de support est tel qu'il permet d'orlen- 
ter la force duplication 4e long de la normele au point de 
contact a la surface qui est revetue comme illustree par ies 
f leches 13. II permet egalement d'orienter la generatrice de 
contact du galet 11 de maniere a satisfaire a la condition 
enoncee precedemment et il comporte un raoyen' de stabilisation 
15 du produit depose symbolise par lea fleche 14. 

Pour assurer le pilotage de l'organe. appli- 
cateur conformement au procede selon l'invention, on utilise 
un dispositif de support orientable qui d'une part materialise 
la direction de la force duplication et d' autre part possede 
tous les degres de llberte necessaires pour placer cette di- 
rection dans toutes les orientations ddsirees et modifier 
1 'orientation de la generatrice de contact au cours du bobi- 
nage. 

Ainsi dans une realisation preTUree ce dis- 
positif comporte deux parties, a savoir une tSte d' applica- 
tion le long de l'axe longitudinal de laquelle ladite force 
d'application est engendree 'et qui porte l'organe applicateur 
et les moyens de. stabilisation, et un mecanlsme de support 
articule permettant 1 'orientation de la tete et de la genera- 
trice de contact. Les figures 3 a 6 illustrent schematlque- 
ment les tetes d'application. Les f.igures 7 et 8 illustrent 
deux realiastionsd'un mecanlsme de support equips de la tete 
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susdite. 
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En se reportant a la figure J on retrouve le 
mandrin 1 anime d'une rotation A sur lui-meme. L'organe 
applicateur est ici constitue par un galet 20 monte a rota- 
tion Mbrc « I'extrAmitc d',me piece tubulairc 21 elle-roeme 



2579130 



8 



d. » «u « ,. ..„ chm 22 coop>re , vec f » 

:" 24 '° ut - 1.. p»c, » 22 

m... „„. t„t.. » w mo . e ..„ t tel , up Lm <- 

circ.L ,. „,„.„ ae fibt „ „. „„ f « • 

c« .... pi.... . pout , rfet „„ repoujii4r ' -|~ 

«0 «..it .ltd,!........, .t p.„t .«„ p lvot . ..„, „ 

1 d. „t.„, 26 audu ..„.„„„ „ 

U.i... .i..«.t «..„ t . bl . .„ t ,. ..„,„,„ J2 P et „ « 

d. ,„ld. 9 . d . ttaos „ laslo „ loo4e ^ • '" 

* l .fr.t d. r.,..,^ M . c . „. e8t pas m 

1. u. .d,l„ .tt.1, ,„tre 1. « ta 22 et la 

,' oy : : "° »-■»-«-» <■•<••' "«.„, 

ti.» d. la .e.dr.t.Jc. de oont.ct d» ,.i.t 20 

...... ,0. qui JLu^^t^ ViC? 

HA nA „x , ™oyen pe stabilisation du ruban 

i„.r r a ''"""' c ''"" , • - "« » '•"trd.iu 
t. ..,.„ d. . t . wll ,. t ,.„ . lm>i ,„ ceux d4crlta eo 
- . „„, 5 ., . Mt MUfMm pout uo • 

» p.dd,.. t. ch . leut apportda sdrt alora s ct4er * 2 

..... d. ...t.ci p.„ r 5pou „ 0 „„.„,„ , a aurr(>ce 



2579130 

9 

drin 1. lc durcisseraent ulterieur, dO au refroidissement 
perroet de conserver la forme prise et de lier le ruban a 
la sous-couche. 

Sur la figure 5 on retrouve certains des 
5 elements 3 et 4 avec les B§mes references'. On notera que 
Ibrgane epplicateur est ici constitue par la sono- 
trode 31 d'un g6n6rateur ultrasonique porte par le coulisseau 
21. Le ruban 26 est alors guide a l'exterieur du generateur 
ultrasonique au raoyen de galets de renvoi 32. la fusion du ru- 
10 ban est alors assur£e par ultrason aux points de con- 
tact de l'eiectrode 31 avec le mandrin 1. 

Sur la figure 6 la fusion est r£alis£e au raoyen 
d'une cavite a micro-ondes 33 porte par le coulisseau 21, 
a l'intdrieur duquel circule le ruban 26. L'organe applies* 
15 teur est alors constitue par un galet 20. 

On dgcrlra maintenant en regard des figures 
7 et 8, le mScanisme 6 de support et d 1 orientation de la 
t6te d' application. 

On rappellera que la position de l'organe 
20 applicateur par rapport a un point de contact determine 
et dans une orientation deterainee, necessite la connais- 
sance de six parametres qui lui sont associes dans un re- 
pere de references donndes. La valeur de ces parametres 
est deduite de la comrairffsarrcre des parametres de la normals 
25 susdite au point de contact, et de 1 'orientation de la tra- 
jectoire d f enroulement a ce point. L'extremite de la tete 
d'application doit done jouir de 6 degres de liberte a savoir, 3 de- 
gree de liberte en translation selon les trois axes du repere 
susdit et 3 degres de liberte en rotation autour de ces trois axes 
30 (variables d'Euler). 

Le mecanisme- de support selon la figure 7 
possede les liaisons cin£matiques suffisantes pour ajuster 
les parametres lies a la position de la tete d'application 
aux parametres connus de la normale a la surface fie la trajec- 
35 toire du produit au point de contact. 

En effct, le indesnismc de support 6 comporte 
un brns nrt iroJ6 donl un Ironcon d'extremite 40 porte, dsns 
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son prolongement .longitudinal, la tete d' application 21, 22 
pourvua de son galet 20. Par rapport a ce bras la tete 21, 
22 peut tourner, grace ao palier reference 27 sur la figure 
3, autour de son axe longitudinal eur une amplitude angulai- 
5 re comoandde par la moteur 28. L'eutre extremite du trongon 

40 eat articulee a un troncon 41 autour d'un axe 42 perpendi- 
culaire a 1'axe de rotation de la tete 21, 22. Un moteur 43 
commande l'amplitude angulaire da ce pivotement. le troncon 

41 eat lui-meme articole a un trongon 44 autour d'un axe 45 

10 ortogonal a 1'axe 42 ausdit. l'amplitude du mouvement angulai- 
ra entre lea trongone 41 at 44 eat conmandee par un moteur 46. 
Ce dernier trongon 44 est enfin lui-meme articule aur un cha- 
riot 47 autour d'un axe 48 parallel* a 1'axe 45 et egalement 
parallale a 1'axe fixe 3 de rotation relative du mandrin 

15 par rapport a 1'organe applicateur. Son pivotement eet aaau- 
16 par la commande d'un moteur 49. 

Le chari <>t 47 eet monte a eoulissement sur une 
table 50 le longd'une direction orthogonale h l'axa 46 et 
deplace dans cette direction par un moteur 51. La table 50 

20 quant a elle eet deplagable sur xles glissibres 7 solidairea 
du bati (cf. figure 1) au moyen d'un moteur d'entrainement 52. 

Ainai on peut assurer un deplacement de la 
t6te 21, 22 parallfeWnt a elle-mime en actionnant les »o- 
taurs 46, 49, 51 et 52. On peut obtenir I'orientation de la 

25 tete Pfta-Wblement b ra narmala-sustfita en agiaaant en outre 
at en combinaison avec une action sur lea mbteurs susdits, ' 
sur le moteur 43. 0n placers enfin la generatrice de contact 
du galet 20 dans I'orientation aouhaitee en coamendant le 
moteur 28. 

30 L 'amplitude de chacun dee nouvements elemen- 

tal* obtenus par lea moteurs ausdits, resultera de la com- 
mande numerique qui leur eat associde at qui assurers en 
continu 1'sdequstion des parametres lide b la tete d'appli- 
cation avec ceux lida b la surface et la trajectoire au 

35 point de contact. 
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Dans un mode non represents de realisation 
on euro remplace le troncon de bras 44 par un element du 
chariot 47 capable de coolisaer sur ce dernier perpendicu- 
lairement au plan dans lequel il evoulue. Cet element porte- 
ra alors l'axe d'articulation 45 susdit. 

Alora que la figure 7 illustre un mecanisme 
permettant de satiafaire a un enroulement au contact sur une 
surface de forme quelconque, dans lea Umites du mouvement 
possible de la tete inherentes a la nature mecanique dea 
liaisons, la figure 8 montre un dlsposltif simplify parce 
que adapte a la realisation d'un enroulement sur une surface 
plus simple. 

Ainsi, si la surface a bobiner est de revolu- 
tion autour d'un axe 60, lea pointa de contact successifa 
pourront etre choisia pour que la normale qui leur est asso- 
ciee soit toujoura contenue dans un plan fixe passant par 
l'axe 60. forgane epplicateur n'aure alora beaoin que de 4 de- 
gres de liberte, c'est-a-dire troia dans, ce plan (une transla- 
tion radiale, une tranalation axiale et une rotation autour 
d'un axe perpendiculaire au plan) et une rotation autour de 
la normale pour la prise en compte de la trajectoire. Le 
mecanisme de support a'en trouve alors simplify. En effet 
sur les glissieres 7 parallels a l'axe 60, la table 50 
couliaae comme precedemroent grace au moteur 52, de meme que 
le chariot 47 coulisse sur la table 50 grace au moteur 51. 
En revanche l'axe 42 eat directement porte par le chariot 
47 (avec le moteur 43) et le bras 40, plus trapu-, porte la 
tete 21, 22 et le moteur 28. 

On notera enfin sur ces deux dernieres figu- 
res, que le magaain de bobines 8 ou la bobine elle-meme 8a 
de ruban 25, est situee au plus proche de la tete dupli- 
cation pour que le trajet du ruban soit le P | U a court 
possible afin de rdduire les frottcments et les deforma- 
tion non contrdiabJcs. 

L'invention f rntive une application intcres- 
oantit dans I.- domaine dec m.ilenau* compoaitea. 
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I.- Proc6d# de realisation d'une piece 
creuse de forme quolconque par cnroulement d'un produit 
composite a base de fibres continues impregnees d'une 
5 resine selon lequel on depose su coins one couche dudit 
produit composite, se presentant sous la forme d'un ruban 
sur une surface porte> par une pieces tt, 10) 
de forme au moyen d'un organs applicateur (5, 11) comportant 
une generatrice de contact entre laquelle et ladite surface 
10 passe ledit produit, ladite surface etant animee, par rapport 
audit organe applicateur, d'un mouvement relatif de rota- 
tion autour d'un axe fixe (3, 60) et.de translation paral- 
lel a cet axe dont la comblnaison definit la trajectoire 
du ruban sur la piece, caracterise en ce que l'on apporte 
15 le produit sans tension entre ladite generatrice et ladite 

surface, en ce que l'on maintient ledit organe applicateur (5, 11) 
dans une orientation telle que la force duplication (13) 
dudit organe sur la surface suit constemment sensiblement normale a ladite 
surface au point de contact et que ladite generatrice aoit 
20 sensiblement perpendiculaire a la tangente & la trajectoire 
du ruban au point de contact et en ce que l'on stabilise le 
produit ainsi depose sur la surface ou la couche precedence 
au voisinage immediat dudit point de contact. 

2. - Proc«5de selon la revendication 1, carac- 
25 terise en ce que ladite force d' application (13) est d'in- 

tensit6 sensiblement constants. 

3. - Oispositif pour mettre en oeuvre le pro- 
cede selon 1'une quelconque des re„endications precedentes 
caracterise en ce que 1 'organe applicateur (5, 11, 20, 31) 

JO est constitue par une portion de cylindre dispoaee transver- 
salement a l'extremitc d'une tete longitudinale (21, 22) 
reliee k un mecanisme t£) de support orientable pour pla- 
cer ladite tetc le long de la normale 4 la surface au 
point de contacl ot ori-ntcr I'axe de ladite portion de 

35 cylindre perpendiculoi remenf k In tangente a la trajectoire 
du ruban au p„i„| ...m.nrl. ledil mecanisme (6) etant 
command,-. ,>.-,, „,, rti «,„,,„ |m ,„ r ., B1B , m or 0 , Urroin „, |m| 
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do la position de ladite normale et de ladite tangente dans 
un repere ou systeme de reT4rence li6 a I'axe susdit de 
rotation relative pour chaque point de ladite surface de 
coordonn^es expriro6es et connues dans ledit repere de r6- 
5 fSrence. 

4.- Dispositif selon la revendication 3 
caracteris6 en ce que la tete longitudinals (21, 22} d'appli- 
cation est attelSe de raaniere d£montable audit mScaniame 
de support (6). 

1° 5.- Dispositif selon la revendication 3 • 

ou la revendication 4 caracte'rise' en ce que la tete d f appli- 
cation coroporte un premier 616ment d'attelage (22) au mSca- 
nisme (6) de support susdit et un second 616roent (21) porteur 
dudit organe applicateur (20, 31) et monte" a coulissement 
15 par rapport au premier 616ment (22) a I'encontre d'une force 
(26) tendent a ies Eloigner l'un de 1 'autre. 

6.- Dispositif selon la revendication 5 
caract6ris6 en ce que l'un des ailments (21) ou (22) coraporte 
un raoyen de stabilisation (30, 31, 33) du ruban (25)* 
20 7.- Dispositif selon la revendication 6 

caract^rise* en ce que 9 le ruban (23) comportant des r^sines 
thermoplastiques ou thermodurcissables , le moyen de stabi- 
lisation susdit (30, 31, 33) est constitue par un dispo- 
sitif d'apport d'6nergie. 
25 8.- Dispositif selon. JLa revendication 7* 

caract6ris6 en ce que le dispositif d'apport d'6nergie est 
constitue* par une source de gaz chaud (30) ou de rayonnement 
situe*e a proximity dudit organe applicateur (20) ou par 
l'organe applicateur (20) lui-meme chauffe 1 . 
30 Dispositif selon la revendication 7 

caract^rise* en ce que le dispositif d'apport d'6nergie 
est constitue* par une cavite* micro-ondes (33) situ6 dans 
ledit second 616ment (21) immSdiatement en amont de l'organe 
applicateur (20). 
35 10.- Dispositif selon la revendication 5 

caract6rise* en ce que le ruban (25) comportant des resines 
thermoplastiques, l'organe applicateur et le moyen de 
stabilisation susdits sont constitu6s par une Electrode 
ultra-sonique (31) pr6sentant une genSratrice en regard 
AO de ladite surface et sur laquelle passe ledit ruban (25). 
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11. - Dispositif selon l'une quelconque 
des revendications 3 a 10 caracterise en ce que le mecanisme 
(6) de support orientable de la tete susdite est constitue 
par un bras articule dont une extremity porte ladite tete 
(21, 22) au moyen d'un organe (27, 28, 29) pour son entralne- 
ment autour de son axe longitudinal , V autre extremite Stent 
attelee a un chariot (47, 50) susceptible d'etre anioe d'un 
mouyeoent dans deux directions orthogonales dont l'une (7) 
est parallele a l'axe fixe (3) de rotation relative de la 
piece de forme par rapport a 1 'organe applicateur. 

12. - Dispositif selon la revendicetion 
11 caracteriaa en ce que le bras articule susdit conporte 
ail rooins deux troncons articulee (40, 41) entre eux autour 
d'un axe (42) orthogonal a l'axe longitudinal de rotation 

15 de ladite tete (21, 22) et un dispositif de reglage (43) 
de la position angulaire deadits troncons autour de cet 
axe (42). 

13. - Dispositif selon la revendica- 
tion 10 ou la revendication 11 caracterise en ce que le 

20 bras articule susdit est attele audit chariot (47, 50) par 
1' intermedial™ d'un levier (44) dont une extremite est 
articulee au chariot (47, 50) autour d'un axe (48) parallele 
a l'axe susdit de rotstion relative, son autre extreoite 
etant articulee audit bras autour d'un axe (45) parallele 

25 au precedent tandis que sont-prevua dea diapositifa de re- 
glage (46, 49) de la position angulaire du levier (44) par 
rapport au chariot (47, 50) autour du premier axe (48) sus- 
dit et du levier (44) par rapport au bras (41, 40) autour 
du second axe susdit (45). 

30 Dispositif selon l'une quelconque 

des revendications 10 a 13 caracterise en ce que 1 'element 
(40) de bras articule adjacent ft la tete duplication 
(21, 22) est ejtuipe d'un magasin de bobines (8) de stockage 
des fibres. 

35 15 '~ Dispositif selon l'une quelconque 

des revendicationa 3 a 14 caracterise en ce que les organea 
d'entrainement (28, 43, 46, 49, 51, 52) du chariot.de re- 
glage de 1 'orientation de la tete par rapport au braa, at 
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de rgglage des orientations des divers troncons de bras 
entre eux et relativeroent au chariot autour des axes, 
susdits, sont constitute par des moteurs comfoandSs par le 
dispositif (8) programme* susdit. 
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pidce creuse de forme complexe par enroulement 
filamentaire au contact. 

Process and Device for Manufacturing a Hollow 
Filament Wound Part With Complex Structure 



, , _ ^ „ avlng any structure by wlmJln9 a colnposite 

product containing continuous fibers (glass, carbon, kevlar, etc., 
impregnated with a resin. 

Currency, the filament winding technique consists of making 
fibers, which appear in the form of a strip which may be up to 
about 20 millimeters thick and have a width up to about 20 mm 
follow a programmed trajectory on a distribution head, separated 
from a mandrel so that the fibers are placed under tension in the 
desired area of the mandrel. The strip is then driven by the 
simultaneous action of the distribution head and the mandrel which 
causes the fiber to unwind from the storage spoois. Tension is 
created by the braking of the spools and the fiber friction on the 
various mechanical elements which support and guide the fiber. 

Such a technique has a limit in that since the fiber is placed 
under tension, a concave part located on the mandrel cannot be 
covered. Another consequence of this tension layout lies in the 
fact that the fiber layout trajectories can only be geodesic or 
close to these. 

Even in the case of relatively staple forms of rotation, 
presenting only diameter variations, this winding technique has 
drawbacks, particularly if the fibers are impregnated with a rigid 
thermoplastic resin or powder. Actually, to apply them, they 
should be bonded continuously or a contact pressure should be 
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applied. Moreover, since the contact pressure is solely a function 
of the fiber tension, it is very difficult to control its value 
when the radius curvature is changed. 

Finally, in this known technique, the movements of the 
head can only be derived from the trajectory, on complex 
structures, by heavy calculations requiring the intervention of an 
expert, or by learning, i.e. recording a model operation. 

The present invention intends to correct the drawbacks of the 
filament winding technique, thereby making it possible to produce 
hollow parts having complex structures, either by installing the 
fibers on the outside of the mandrel, which has a concave exterior 
structure, or by installing fibers inside a mold containing convex 
interior structures. It also has the advantage of being able to 
use all kinds of continuous fibers impregnated with a flexible or 
rigid resin, according to trajectories very removed from the 
geodesic trajectories imposed by prior technology. 

Accordingly, the invention primarily intends to provide a 
process for producing a hollow part of any structure by winding a 
composite product containing continuous fibers impregnated with a 
resin, according to which at least one layer of said composite 
product is deposited, in the form of a strip, on a surface bearing 
a part having a structure, using an applicator consisting of a 
contact generator, said product passing between said contact 
generator and said surface going into a relatively rotary motion, 
with respect to said applicator component, about a fixed axis, and 
a translational movement parallel to this axis. These combined 



According to an important cnaractenstic or tne invention, the 
tensionless product is brought between said generator and said 
surface. Said applicator component is held in an orientation so 
that the application force of said component on the surface is 
constantly essentially perpendicular to said surface at the point 
of contact and that the generator is essentially perpendicular to 
the tangent of the strip trajectory at the contact point , and 
finally the product thus deposited on the surface or preceding 
layer is stabilized, very near said contact point. The 
application force of the applicator components on said surface will 
be of an essentially constant intensity. 

A second objective of the invention lies in a device for 
implementing said process in which the applicator component is made 
up of a cylinder portion arranged transversely to the end of . a 
longitudinal head connected to a support mechanism, rotatable to 
place said head perpendicular to the surface at the contact point 
and to orient the axis of said cylinder perpendicularly to the 
tangent to the trajectory at the contact point; the above mechanism 
is controlled by a programmed device for determining the components 
of said perpendicular line and said tangent line in an 
identification marking or reference system associated with said 
axis of said relative rotation, for each point of said surface of 
coordinates expressed and known in said reference mark. 

Advantageously the longitudinal application head is hooked to 
be detachable from said support mechanism. 



This application head has a first hooking element to the said 
support mechanism of and a second bearer of said applicator 
component is installed to slide relative to the first element 
against a force tending to separate them from each other. 

Advantageous ly, said second . element has a means for 
stabilizing the strip. 

In the case of thermoplastic or thermosetting resins, this 
stabilizing means is made up of an energy input device: either a 
hot gas source or infrared or microwave radiation located near the 
applicator cylinder, or by a contact part, also heated. 

In one particular case for thermoplastic resins, the 
applicator component and the abovementioned stabilization means are 
made up of an ultrasonic electrode presenting a generator facing 
said surface and which said strip passes over. 

Moreover, the rotatable support mechanism of said head is 
made up of a hinged arm, one end of which carries said head using 
a component to drive it around its longitudinal axis, the other 
end being hooked to a carriage capable of undergoing a movement in 
both orthogonal directions, one of which is parallel to the fixed 
rotation axis of the shaping part relative to the applicator. 

In one embodiment variant, the abovementiond hinged arm has at 
least two sections which are interconnected around an orthogonal 
axis to the longitudinal rotation axis of said head and device for 
adjusting the angular position of said sections around this axis. 

In another variant, said hinged arm is hooked to said carriage 
via a lever, one end of which is hinged to the carriage around an 



axis parallel to the axis of said relative rotation, its other end 
being hinged to said arm around an axis parallel to the preceding 
one, whereas devices are provided for adjusting the angular 
position of the lever relative to the carriage around the 
abovementioned first axis and lever relative to the arm around the 
abovementioned second axis. 

It will be advantageous to provide a store of fiber spools 
hooked to the hinged arm element located the closest to the 
application head. 

Finally, the components for driving the carriage, adjusting 
the head orientation with respect to the arm, adjusting the 
orientations of the various sections of arms between each other and 
relative to the carriage around said axes, are made up of motors 
controlled by the abovementioned programmed device. 

The invention will be more clearly understood by reading the 
following description, provided purely for illustration and without 
limitation, which will reveal the advantages and secondary 
features . 

Reference will be made to the attached drawings according 
to which: 

Figure 1 is a general view of a machine for implementing the 
process according to the invention on a mandrel; 

Figure 2 illustrates by a diagram the implementation of the 
process according to the invention in a mold; 

Figure 3 is a sectional diagram of the application head 
according to the invention; 
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~ ™ „ 1S (3) and translational m>nmuu ^ 
(6) along slides (7). 

*PPUcatcr ,5, has a oe„eral ly c ylindrical shape ,„ 
Present a contact oenerator point on the surface of (l) 

The process according to the invention consists, on the one nana,' 
of carrying, „ lthout tension> ^ ^ ^ ^ ^ ^ 

b. ween said 9e „erator and the surface of Mndrel (1) and , on the 
other hand, *eepin 9 an appiication force of the product on the 
-face of the Andrei * a direction constant* perpendicuiar to 

e surface at the point of contact. T nis process consists as 
of maintaining the said contact ge „erator essentialiy constant!, 
perpendicuiar to the tangent to the trajectory of the product in 
the sone of the contact point, xhe process of the invention has a 
Phase for stabilising the product deposited which consists: for 
therein, resins of usi„ s either their natural -adhesive- or 
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applicator along the surface, knowledge of the line perpendicular 
to this surface at each of its contact points, and knowledge of the 
trajectory of the product on the surface. These various factors 
may be expressed numerically in order to be used by a numerical 
control (9) of support mechanism (6) of the applicator (5), either 
by calculation, or by a method for copying and recording a model 
operation. The calculation particularly applies when the outer 
shape of the mandrel is created according to a computer aided 
design. 

Figure 2 illustrates by a diagram the fact that the process 
of the invention may be applied by producing a filament winding in 
contact with an inner surface of a hollow mold. Mold (10) may be 
attached and the applicator symbolized by roller (11) hooked to a 
machine that turns about axis (12) . The mold can also rotate about 
axis (12) in which case the support mechanism for roller (11) is 
fixed. Similarly as in the preceding case, this support mechanism 
is such that it can be used to orient the application force 
perpendicular to the contact point of the surface which is lined up 
as illustrated by arrows (13). it also makes it possible to orient 
the contact generator of roller (11) so as to meet the condition 
set forth above, and it has a means for stabilizing the product 
deposited, symbolized by arrows ( 14 ) . 

To control the applicator according to the process of the 
invention, a rotatable support device is used which, on the one 
hand, materializes the direction of the application force and, on 
the other hand, has all degrees of freedom necessary for placing 



this direction in all desired orientations and modify the 
orientation of the contact generator during the winding. 

Accordingly, in a preferred embodiment, this device has two 
parts, namely an application head along the longitudinal axis of 
which said application force is created and which bears the 
applicator and stabilizer, and a hinged support mechanism making it 
possible to orient the head and contact generator. Figures 3 to 6 
illustrate schematically the application heads. Figures 7 and 8 
illustrate two embodiments of a support mechanism equipped with the 
aforementioned head. 

In referring to Figure 3, the mandrel (1) is found in a rotary 
motion (A) about itself. The applicator here consists of roller 
(20) installed to rotate freely at one end of tubular part (21) 
itself lodged to slide in tubular sleeve (22). Guidance 
finger (23) installed on sleeve (22) cooperates with port (24) 
to connect in rotation parts (21) and (22) and form a stop to their 
relative movement. Parts (21 and 22) form the application head 
inside of which fiber strip (35) circulates. Spring (26) placed 
between, these two parts pushes back part (21) toward mandrel (.1). 
Sleeve (22) is installed to rotate in bearing (27) integral with 
the hinged mechanism which will be described below, and may be 
pivoted in this bearing using a motor (28) and transmission (29) 
connecting the shaft of motor (28) to said sleeve (22). Preference 
will be given to an easily detachable link between sleeve (22) and 
its guidance and transmission part lodged in bearing (27). We see 
that these arrangements materialize the direction of said 



application force along the longitudinal axis of elements (21 and 
22 ), said application force resulting from the effect of spring 
(26). Other elastic devices or devices controlled to create the 
application force can be provided without deviating from the scope 
of the invention. These include an actuator hooked between sleeve 
(22) and slide (21). The control of motor (28) and therefore the 
rotation of the head about its longitudinal axis assures the 
orientation of the contact generator of roller (20). 

Figure 4 shows certain elements described in reference to 
Figure 3 with the same references. One of the elements (21) or 
(22) (preferably 21) bears heat input element (30), which is a 
means for stabilizing the strip deposited on mandrel (1). This 
heat input means can be a hot air intake nozzle, a nozzle at the 
end of which a flame or radiation source is formed. This 
stabilization means as well as those described in reference to 
Figures 5 and 6 is usable for a product which has continuous fibers 
impregnated with a rigid resin or powdered resin. The heat 
provided therefore serves to create at least a partial melting of 
the thermoplastic resins used, in order for the strip to appear 
without any stiffness at the contact point to closely fit the 
surface of mandrel (1). The subsequent hardening, due to cooling 
makes it possible to preserve the shape formed and to bind the 
strip to the underlayer. 

Figure 5 shows certain elements (3) and (4) with the same 
references, it will be noted that the applicator is formed of an 
ultrasonic electrode (31) of an ultrasonic generator carried by 



slide (21). Strip (26) is then guided outside the ultrasonic 
generator using return rollers (32). The strip melting is then 
carried out by ultrasonic means at the contact points of electrode 
(31) with mandrel (1). 

In Figure 6 the melting takes place using a microwave cavity 
(33) carried by slide (21), inside of which strip (26) circulates. 
The applicator is then formed of roller (20). 

The support arid orientation mechanism (6) of the application 
head will now be described referencing Figures 7 and 8. 

It will be recalled that the position of the applicator with 
respect to a determined contact point and in a determined 
orientation, requires knowledge of the six parameters which are 
associated with it in a data reference mark. The value of these 
parameters is derived from knowledge of the parameters of said 
perpendicular to the contact point, and the orientation of the 
winding trajectory at this point. The end of the application head 
should therefore play 6 degrees of freedom, namely, (3) degrees of 
translator? freedom according to the three axes of the 
aforementioned reference mark and 3 degrees of rotational freedom 
about these three axes (Euler's variables). 

The support mechanism according to Figure 7 has adequate 
kinematic links to adjust the parameters associated with the 
position of the application head with known parameters of the 
perpendicular to the surface of the trajectory of the product at 
the contact point. 

Actually, support mechanism (6) has hinged arm, the end 
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section (40) of which bears, its longitudinal prolongation, /ip 
application head (21, 22) provided with its roller (20). Head (21) 
can rotate relative to this arm, via reference bearing (27) in 
Figure 3, about its longitudinal axis over an angular amplitude 
controlled by motor (28). The other end of section (40) is 
connected to section (41) about an axis (42) perpendicular to the 
rotation axis of head, (21, 22). Motor (43) controls angular 
amplitude of this pivot. Section (41) is itself hinged to section 
(44) about axis (45) orthogonal to above axis (42). The amplitude 
of the angular movement between sections (41 and 44) is controlled 
by motor (46). The latter section (44) is itself hinged to 
carriage (47) about axis (48) parallel to axis (45) and also 
parallel to relative fixed rotation axis (3) of mandrel with 
respect to the applicator. Its pivoting is controlled by a motor 
(49). 

Carriage (47) is installed to slide over table (50) along an 
orthogonal direction to axis (48) and displaced in this direction 
by motor (51). Table (50) is displacable over slides (7) integral 
with frame (See Figure 1) via driving motor (52). 

Thus head (21, 22) can be displaced along a direction 
orthogonal to axis (48) and displaced parallel to itself by 
activating motors (46, 49, 51 and 52). The head can be oriented 
parallel to the abovementioned perpendicular line by activating 
motor (43), and by activating the latter simultaneously with the 
abovementioned motors. The contact generating point of roller (20) 
will be placed in the desired orientation by controlling motor 
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(28). 

The amplitude of each of the elementary movements obtained by 
aforementioned motors will result from the numerical control which 
is associated with them and which will continuously assure 
compliance with the parameters associated with the application head 
with those associated with the surface and trajectory at the 
contact point. 

In one embodiment mode (not shown), arm (44) section will 
have been replaced by an element of carriage (47) capable of 
sliding over the latter perpendicular to the plane in which it is 
moving. This element will therefore bear the aforementioned 
hinging axis (45). 

Whereas Figure 7 illustrates one mechanism making it possible 
to comply with a contact winding over one surface having any form, 
vithin the limits of the possible head movement inherent to the 
mechanical nature of the links, Figure 8 shows a simplified device, 
because it is adapted to the embodiment of a winding over a simpler 
surface . 

Accordingly, if the winding surface revolves about axis (60), 
the successive contact points may be selected so that the 
perpendicular line which is associated with them is always obtained 
in a fixed plane passing through axis (60). The applicator will 
therefore only need 4 degrees of freedom, i.e. three in this plane 
(a radial translation, an axial translation and a rotation about 
the perpendicular line to be included in the trajectory. The 
support mechanism is therefore simplified. Actually on slides ,7, 
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(52), and carriage (47) slides over table (50) via motor ( 51) . 
Conversely axis (42) is directly carried by carriage (47) (with 
motor (43) and arm (40), carries head (21, 22) and motor (28). 

Finally, it will be noted in these figures, that spool store 
(8) or the spool itself (8a) of strip (25) is located closer to the 
application head so that the path of the strip is as short as 
possible, in order to reduce friction and uncontrollable 
deformations . 

The invention finds an interesting application in the field of 
composite materials. 

CLAIMS 

1. Process for producing a hollow part having any structure by 
winding a composite product containing continuous fibers 
impregnated with a resin according to which at least one layer of 
said composite product is deposited, and which comes in the form of 
a strip on a surface carried by parts (1, 10) having the form of an 
applicator (5, 11) with a contact point and said product passes 
between said contact point and said surface. Said surface is 
activated, with respect to the applicator, in a relative rotary 
movement about fixed axis (3, 60) and translation movement parallel 
to this axis, both of which define the trajectory of the strip on 
the part. The invention is characterized in that tensionless 
products are brought between said generator point and said surface, 
and in that said applicator (5, 11) is kept in an orientation so 
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constantly essentially perpendicular to said surface at the contact 
point and that said generator point is essentially perpendicular to 
the tangent at the trajectory of the tape at the contact generator 
and in that the product thus deposited on the surface or above 
layer immediately adjacent to said contact point is stabilized. 

2. Process according to Claim 1, characterized in that said 
application force (13) has an essentially constant intensity. 

3 . Device for implementing the process according to any of the 
above claims, characterized in that the applicator (5, 11, 20, 31) 
is made up of a cylinder portion arranged transversally to the end 
of a longitudinal head (21, 22) connected to a rotatable support 
mechanism (5) to place said head perpendicular to the surface at 
the contact point and orient the axis of said cylinder portion 
perpendicular to the tangent to the trajectory of the strip at the 
contact point, said mechanism (6) being controlled by a programmed 
device (9) for determining the position of said perpendicular line 
and said tangent in a reference mark or reference system 
associated with the aforementioned relative rotation axis for each 
point of said surface of coordinates expressed and known in said 
reference mark. 

4. Device according to Claim 3, characterized in that the 
longitudinal application head (21, 22) is hooked to said support 
mechanism (6) in a detachable manner. 

5. Device according to Claim 3 or claim 4, characterized in 
that the application head has a first hooking element (22) to the 
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support mechanism (6) and second element (21) bearing said 
applicator (20, 31) and installed to slide relative to the first 
element (22) against a force (26) tending to separate them from 
each other. 

6. Device according , to Claim 5, characterized in that one of 
elements (21) or (22) has a means (30, 31, 33) for stabilizing 
strip (25). 

7. Device according to Claim 5, characterized in that strip 
(25) has thermoplastic or thermosetting resins, the aforementioned 
stabilization means (30, 31, 33) is made up of an energy input 
device . 

8. Device according to Claim 7, characterized in that the 
energy input device is made up of a hot gas source (30) or 
radiation source located near said applicator (20) or by applicator 
(20), which is itself heated. 

9. Device according to Claim 7, characterized in that the 
energy input device is made up of a microwave cavity (33) located 
in said second element (21) immediately upstream from applicator 
(20). 

10. Device according to Claim 5, characterized in that strip 
(25) comprising thermoplastic resins, the aforementioned applicator 
and stabilization means are made up of an ultrasonic electrode (31) 
presenting a generating point facing said surface and which said 
strip (25) passes over. 

11. Device according to any of Claims 3 to 10, characterized 
in that the orientable support mechanism (6) of said head is made 
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up of a hinged arm whose end carries said head (21, 22) via 
component (27, 28, 29) to drive it around its longitudinal axis, 
the other end being hooked to carriage (47, 50) capable of being 
activated with a movement in both orthogonal directions, one of 
which (7) is parallel to the fixed relative rotation axis (3) of 
the shaping part relative to the applicator. 

12. Device according to Claim 21, characterized in that the 
aforementioned hinged arm has at least two hinged sections (40, 41) 
between them around an axis (42) orthogonal to the longitudinal 
rotation axis of said head (21, 22) and device (43) for adjusting 
the angular position of said sections around this axis (42). 

13. Device according to Claim 10 or Claim 11, characterized in 
that the aforementioned hinged arm is hooked to said carriage (47, 
50) via lever (44) whose end is hinged to carriage (47, 50) around 
axis (48) parallel to the preceding one, whereas devices (46, 49) 
are provided for adjusting the angular position of the lever (44) 
relative to carriage (47, 50) around the first axis (41, 40) around 
the second aforementiond axis (45). 

14. Device according to any of claims 10 to 13, characterized 
in that element (40) of hinged arm adjacent to application head 
(21, 22) is equipped with a fiber storage bobbin store (8). 

15. Device according to any of Claims 3 to 14, characterized 
in that driving components (28, 43, 49, 51, 52) of the carriage for 
adjusting the orientation of the head relative to the arm, 

and for adjusting the orientation of the various arm sections to 
each other and relative to the carriage around the aforementioned 
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are made up of motors controlled by the aforementioned 
programmed device • 
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